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ABSTEJACT 


‘Aircraft  demand  and  cost  functions  were  estimated  for  six  types  of 
VTOL  aircraft;  conventional  helicopter,  conpound  helicopter,  tilt 
rotor,  tilt  wing,  stowed  rotor,  and  fan  or  jet  lift.  From  these 
functions  total  aircraft  profit  or  loss  as  a  function  of  the  number 
of  aircraft  produced  was  calculated.  Results  were  calculated  for  the 
90  seat  size  of  all  six  types;  in  additon,  30,  60,  120  and  150  seat 
sizes  were  analyzed  for  the  fan  or  jet  lift  type. 

The  aircraft  danand  was  calcxilated  separately  for  each  donestic 
city  pair  and  tnen  summed  to  obtain  total  domestic  demand.  The 
domestic  demand  was  then  increased  by  a  constant  ratio  to  account  for 
export  sales.  Demand  is  based  on  air  traffic  for  1985,  the  estimated 
fir.al  year  of  production  for  these  first  generation  intercity  VTOL 
aircraft. 

Volume  III  presents  generalized  aircraft  demand  by  city  pair  as 
a  fxinction  of  VTOL  aircraft  fare,  block  time  and  number  of  seats. 

VJith  these  data,  the  user  of  this  report  can  determine  the  demand 
for  any  VTOL  passenger  transport  design. 
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F(»EWORD 

In  Decenber,  1966,  the  Military  Aircraft  Panel  of  the  President’s 
Science  Advisory  Comnittee  asked  the  Institute  for  Defense  Analyses 
(IDA)  for  advice  ir,  formulating  the  government’s  future  VTOL  air¬ 
craft  program.  As  a  result  of  this  request  IDA  undertook  studies 
of  both  civil  and  military  markets  for  VTOL  aircraft.  This  Report 
cover's  the  civil  market  analysis  which  was  sponsored  by  IDA.  When 
the  military  transport  study  is  completed,  the  optimal  aircraft 
characteristics  can  be  compared  with  the  civil  aircraft  co  determine 
whether  a  single  basic  aircraft  type  can  efficiently  meet  the  require¬ 
ments  of  both  markets. 

In  addition  to  the  principal  authors  listed  on  the  title  page 
the  following  personnel  made  valtiable  contributions  to  the  study: 

Mr.  Samuel  E.  Eastman  prepared  the  appendix  on  Airport  and  Vertiport 
Costs,  Mr.  Joseph  P.  Severo  did  the  computer  progranming,  and 
Misses  Eloise  Hally  and  Mary  Liz  Wachendorf  served  as  research 
assistants  on  several  portions  of  the  study. 


Norman  J.  Asher 
Project  Leader 
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SUMMARY  AND  RESULTS 


Aircraft  demand  and  cost  fuiictions  were  estimated  for  six  types  of 
VTOL  aircraft:  conventional  helicopter,  compound  helicopter,  tilt 
rotor,  tilt  wing,  stowed  rotor,  and  fan  or  jet  lift.  Results  were 
calculated  for  the  90  seat  size  of  ell  six  types  and  for  the  30,  60, 

120,  and  150  seat  sizes  of  the  fan  or  jet  lift  type.  The  results 
are  shown  in  Figures  SI  through  SIO. 

The  domestic  aircraft  demand  was  calculated  by  individual  city 
pairs  and  then  summed.  This  domestic  demand  was  then  increased  by 
a  constant  ratio  to  account  for  export  sales.  This  total  demand  as 
presented  in  Figures  SI  through  SIO  is  based  on  demand  in  1985,  the 
estimated  final  year  of  proa action  for  these  first  generation  inter¬ 
city  VTOL  aircraft. 

Aircraft  demand  is  shown  both  with  a  frequency  requirement  of  six 
roxind  trips  per  day  between  city  pairs  and  with  no  frequency  require¬ 
ment.  The  frequency  requirement  has  little  effect  in  percent  on 
numbers  of  aircraft  demanded  vAien  the  demand  is  large  (at  low  prices 
for  the  faster  types)  but  it  does  significantly  reduce  the  percent 
of  aircraft  when  demand  is  small  (at  high  prices  for  tJie  slower  types.) 

We  have  not  required  a  minimum  number  of  passengers  for  each  city. 
Such  a  requirement  vrauld  take  into  account  the  level  of  traffic 
required  to  justify  the  cost  of  providing  a  city-center  vertiport. 

If  this  level  of  traffic  is  less  than  that  corresponding  to  six  round 
trips  per  day,  the  aircraft  demand  would  be  further  reduced  because 
VTOL  operations  at  some  cities  with  service  to  only  one  other  city 
would  be  eliiTiinated. 

The  selling  price  of  each  aircraft  type  is  shewn  both  with  and  with¬ 
out  engine  nonrecurring  costs.  The  selling  price  is  based  on  production 

of  each  type  for  the  civil  market  only.  If  a  common  basic  aircraft 
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could  be  sold  in  tdie  military  market  as  well,  the  civil  selling  price 
would  be  lovier  than  shown.  Moreover,  the  price  reduction  would  be 
largest  if  the  aircraft  were  first  developed  and  produced  in  volume 
for  the  military  market.  In  such  a  case,  both  the  civil  development 
costs  and  the  recurring  costs  would  be  much  less  because  of  tne 
benefit  of  the  "leaming"  effect  from  the  military  production  program. 
Total  program  expenditures  and  revenues  have  been  calculated  from 
Figures  SI  through  SIO  and  are  presented  in  Figures  Sll  through  S20. 

All  results  shown  in  these  figures  are  based  on  the  assumption 
that  the  entire  VTOL  market  is  satisfied  by  production  of  a  single 
aircraft  type  (and  size).  If  more  than  one  aircraft  split  this  mar¬ 
ket,  the  selling  price  curve  for  each  competing  type  would  remain  as 
shotm,  but  the  demand  curve  %<ould  be  lower.  (For  instance,  it  would 
be  half  as  great  if  two  canpeting  aircraft  split  the  market  equally. ) 
Conclusions  for  each  type  in  order  of  increasing  cruise  speed  ax'e 
discussed  below: 

Helicopter  and  Compound  Helic^^^ter  (Figures  SI,  S2,  Sll,  S12). 
These  types  do  not  appear  attractive  economically,  basically 
because  they  are  too  slow.  Being  slow,  they  lose  their 
initial  time  saving  over  the  conventional  fixed  wing  trans¬ 
port  at  around  250  miles.  As  a  result,  the  number  of  city 
pair  routes  on  thich  they  can  compete  is  greatly  reduced. 

Further,  the  city  pairs  on  vhich  they  can  compete  are  at 
the  shorter  distances  and  therefore  relatively  few  aircraft 
are  required  to  carry  large  numbers  of  passengers  on  these 
routes.  A  high  percent  of  subsidy  would  be  required  for  a 
helicopter  or  compound  helicopter  program.  This  program 
viould  be  vulnerable  to  the  introduction  of  one  of  the  faster 
VTOL  types  vhich  would  be  both  faster  and  cheaper  than 
either  of  the  helicopter  types. 

Tilt  Rotor  (Figures  S3,  S13).  This  type  appears  to  be 
marginally  profitable.  Since  its  disc  loading 
is  comparable  to  that  of  helicopters,  its  noise  character¬ 
istics  should  be  in  the  most  acceptable  class-  The  tilt 
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rotor  has  been  flown  experimentally  sc  its  technical  risk 
is  moderate. 

Tilt  Wing  (Figures  S4,  S14).  This  type  is  somev^at  more 
attractive  economically  than  the  tilt  rotor  type.  However,  its 
noise  characteristics  are  considerably  worse  than  those  of  the 
tilt  rotor.  The  tilt  wing  aircraft  has  been  flown  experimentally 
so  its  technical  risk  is  moderate. 

Stowed  Rotor  (Figures  S5,  S15).  This  type  lies  between  the 
tilt  rotor  and  tilt  wing  economically  and  its  noise  characteristics 
should  be  in  the  most  acceptable  class.  However,  the  stowed  rotor 
has  never  been  flown  so  its  tecfinical  risk  is  high. 

Fan  or  Jet  Lift  (Figures  S6,  S7,  S8,  S9,  SIO,  S16,  S17,  S18, 
S19,  S20).  This  type  was  selected  for  size  optimization  because 
it  was  believed  to  be  the  most  attractive  economically.  Subse¬ 
quently,  however,  it  proved  to  be  less  attractive  economically 
than  the  stowed  rotor,  tilt  wing,  or  tilt  rotor,  but  better  than 
the  helicopter  types.  The  poor  showing  of  the  fan  or  jet  lift  is 
due  to  its  relatively  high  price,  caused  by  its  relatively  high 
engine  costs.  Its  noise  characteristics  should  be  considerably 
worse  than  any  of  the  rotor  types  and  somewhat  worse  than  the  tilt 
wing.  This  type  of  aircraft  has  been  flown  experimentally  so  its 
technical  risk  is  moderate. 

Figures  S16  through  S20  indicate  that  with  no  frequency  requirement 
the  minimum  program  loss  occurs  in  the  60  to  90  seat  size;  for  the  120 
and  150  seat  sizes  the  minimum  program  losses  are  only  moderately 
higher.  With  a  minimum  frequency  requirement  of  six  round  trips  per 
day,  the  minimum  program  loss  still  occurs  in  the  60  to  90  seat  size, 
while  losses  for  the  120  and  150  seat  sizes  are  significantly  worse. 

The  optimum  seat  size  of  60  to  90  is  smaller  than  might  be  expected 
intuitively.  As  the  size  is  increased,  the  nonrecurring  costs  increase 
and  the  number  of  aircraft  needed  to  carry  the  passengers  is  reduced; 
both  effects  increase  the  nonrecurring  costs  that  must  be  amortized 
for  each  aircraft  sold.  Further,  since  not  so  many  aircraft  are 
needed,  the  recurring-cost  learning  effe  :s  are  reduced.  The 
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nonrecurring  costs  are  lower  for  the  tilt  rotor,  tilt  wing,  and 
stowed  rotor  types,  so  their  optimum  sizes  would  be  somewhat  higher 
than  for  the  fan  or  jet  lift  type—probably  about  100  seats. 

The  six  VTOL  types  are  ranked  in  Table  SI,  The  first  column  is 
based  on  Figures  SI  through  S20  and  shows  economic  ratings — determined 
only  by  the  fare  and  speed  characteristics  of  the  aircraft.  The  degree 
of  uncertainty  in  the  estimates  of  aircraft  characteristics  and  costs, 
as  well  as  of  passenger  demand,  weakens  the  confidence  in  this  ranking. 
Small  relative  differences  would  change  the  ranking  particularly  for 
the  tilt  rotor,  tilt  wing,  and  stowed  rotor  types.  The  second  column 
ranks  noise  and  air  pollution  levels  in  landing  and  takeoff.^  Since 
both  are  basically  a  function  of  disc  loading,  tdie  amount  of  air 
pollution  increases  with  noise  level.  Four  of  the  types  hover  like  a 
helicopter  and  should  have  helicopter- like  noise  and  air  pollution 
levels.  The  other  two  types  have  considerably  worse  noise  and  air 
pollution  levels.  Hi^  noise  levels  would  have  a  major  adverse 
effect  on  passenger  demand  for  VTOL  service  if  the  aircraft  were 
forced  to  operate  from  vertiports  well  removed  from  the  city  centers. 
Design  characteristics  to  reduce  noise  levels  will  probably  involve 
major  weight  (and  therefore  cost)  penalties.  The  third  column  deals 
with  technical  risk.  As  could  be  surmised,  the  two  helicopter  types 
involve  little  technical  risk;  ♦-he  stowed  rotor,  the  only  type  that 
has  not  been  flown,  may  involve  the  highest  technical  risk.  The 
other  three  types  are  intermediate  in  this  category. 


1.  For  noise  contours  of  various  VTOL  aircraft  see  NASA  Contractor 
Report  NASA  CR-986,  "Study  of  Aircraft  in  Short:  Haul  Transportation 
Systems,"  January  1968;  (prepared  by  tite  Boeinc  Co.,  Renton,  Washington). 
This  report  indicates  the  following  ground  areas  Mitiere  the  noise  level 
is  at  least  90  PNdB; 

tilt  rotor:  .06  sq.  mi. 
tilt  wing:  .35  sq.  mi. 
jet  lift:  1.61  sq.  mi. 

Some  unpublished  data,  indicate  that  the  conventional  helicopter  and 
the  lift  fan  aircraft  would  produce  nearly  the  same  noise  level. 

We  have  assumed  the  Boeing  data  to  be  correct  in  our  ranking. 
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Table  SI 


RANKING  BY  AIRCRAFT  TYPE 


Hie  final  over-all  ranking  requires  a  subjective  weighting  of  the 
three  be sic  categories.  We  have  ranked  the  tilt  rotor  highest  because 
it  is  only  sli^tly  worse  econociically  than  the  tilt  wing  or  stowed 
rotor;  furthermore,  it  produces  considerably  less  noise  and  air 
pollution  than  the  tilt  wing  and  involves  much  less  technical  risk 
than  the  stowed  rotor. 

Nevertheless,  the  stowed  rotor  seems  to  offer  the  greatest 
potential  if  it  can  be  successfully  developed,  since  economically  it 
is  better  than  the  tilt  rotor  and  is  much  quieter  than  the  tilt  wing. 
Because  it  mav  offer  the  greatest  potential,  it  would  be  valuable  to 
validate  its  characteristics  by  a  flight  test  program.  It  should 
then  be  reevaluated  before  a  production  program  is  undertaken. 

Depending  on  the  time  required  for  stowed  rotor  development,  the  tilt 
rotor  or  one  of  the  other  tj^es  might  be  produced  as  a  first  genera¬ 
tion  v^icle  and  the  stowed  rotor  might  replace  it  as  the  second 
generation  vehicle. 

Figures  SI  throu^  S20  are  based  on  the  assumption  that  nonrecurring 
costs  are  allocated  over  the  number  of  aircraft  produced  and  that  all 
aircraft  produced  are  sold  at  the  same  price.  Commercial  aircraft 
historically  have  been  priced  in  this  manner.  In  this  way  the  maximum 
total  program  profit  is  shown  on  F.gures  SU  through  S20  at  the 
quantity  where  the  maximum  surplus  of  revenues  over  expenditures 
occurs.  (For unprofitable  programs,  minimum  program  loss  occurs  where 
minimum  deficiency  of  revenues  under  expenditures  occurs.) 


An  alternate  (and  much  less  likely)  pri-cing  assumption  is  that  cb<, 
raanufactjver  v*ould  price  the  aircraft  accordir.g  to  h:'s  n^rgii'.cl  recui- 
ring  costs.  Ihis  method  is  gen  .orally  used  in  US  military  aircraft 
procurement  where  the  government  pays  for  the  aircraft  nonrecurring 
costs  and  then  buys  groups  of  aircraft  (usually  in  one  year  production 
increments)  at  the  marginal  recurring  cost  for  each  group  purchased. 

The  results  of  this  pricing  method  are  shown  in  Figures  S21  through 
S30.  This  method  brings  about  the  sale  of  more  aircraft  but  eliminates 
recovery  of  the  nonrecurring  costs.  Accordingly,  from  the  manufacturer's 
point  of  view,  a  total  program  loss  equal  to  the  nonrecurring  costs 
results.  However,  the  program  could  still  be  profitable  to  the  total 
econon^  if  the  consumer  surplus  resulting  from  operation  of  the  aircraft 
substantially  exceeded  the  nonrecurring  costs. 

Voltone  TTT  presents  generalized  aircraft  demand  by  city  pair  for 
the  top  rai.king  86  city  pairs.  Although  a  few  additional  aircraft 
might  be  demanded  if  more  city  pairs  were  considered,  the  number  of 
additional  aircraft  compared  with  the  danand  for  these  top  86  city 
pairs  would  generally  be  less  than  ten  percent.  It  is  felt  that  this 
small  additional  demand  would  be  offset  by  unavailability  of  verti- 
ports  in  some  of  the  top  86  city  pairs  and  that  therefore  the  demand 
as  shown  for  these  city  pairs  closely  represents  the  total  domestic 
demand. 

Volume  IV  presents  the  aircraft  demand  by  city  pair  for  the 
specific  aircraft  shown  in  Figures  SI  through  S30.  Ihe  total 
demands  shown  in  Figures  SI  through  S30  are  the  sums  of  the  individual 
city-pair  denands  gfiven  in  Volume  IV  plus  an  allowance  for  the 
export  market.  The  importance  of  conventional  airport  distance  from 
city  ceiter  on  VTOL  demand  can  be  seen  in  the  individual  city-pair 
results  of  Volume  IV.  For  example.  Table  S2  shows  that  5.7  helicopters 
ai?e  needed  on  the  Chicago-Detroit  route  while  only  one  is  needed  for 
Washington-New  York  even  though  the  number  of  air  passengers  is  almost 
four  times  higher  on  the  Washington- New  York  route  and  the  distances 
are  comparable.  The  higher  number  of  helicopters  for  Chicago-Detroit 
is  required  because  the  airports  are  much  further  from  the  city  centers 
than  they  are  in  Washington  and  New  York. 
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Measure 

Washington- 
New  York 

Chicago- 

Detroit 

Distance  (st.  mi.) 

205 

237 

Number  of  Air  Passengers,  1965 

1,457 

392 

Niomber  of  Helicopters  demanded 

1.0 

5.7 

Airport  Distances  from  City  Center 

3.9  and 

3. 3  and 

(st.  mi.) 

5.4 

17.3 

The  results  of  the  study  are  based  on  the  demand  for  1985 — the 
estimated  final  year  of  the  aircraft  production  program.  The  demand 
for  1975  (the  estimated  year  of  initial  service)  will  be  less  because 
of  three  factors;  (1)  the  base  CTOL  demand  will  be  less,  (2)  the 
passengers’  value  of  time  will  be  less,  and  (3)  if  a  minimum  frequency 
of  service  is  required,  fewer  city  pairs  will  be  included.  The  base 
CTOL  demand  in  1975  is  estimated  at  3.07  ^  6.48  =  47  percent  of  the 
1985  demand  (see  Section  3).  Accordingly,  neglecting  the  other  two 
factors,  the  VTOL  aircraft  demand  in  1975  would  be  47  percent  of  the 
figures  shown  for  1985. 

The  effect  of  passengers*  value  of  time  in  1975  relative  to  1985 
on  percentage  passenger  preference  for  the  faster,  more  expensive 
mode  is  explained  in  Section  7.  The  1975  percentage  passenger 
preference  for  the  roost  competitive  VTOL  aircraft  would  be  roughly 
85  percent  of  the  1985  level;  however,  for  the  less  ccxnpetitive  types, 
vhere  passengers  would  have  to  pay  $8  or  more  per  hour  to  save  time, 
the  1975  percentage  passenger  preference  would  be  only  about  74  per¬ 
cent  of  the  corresponding  1985  figures. 

The  two  factors  previously  discussed  will  result  ir  more  city 
pairs  being  eliminated  in  1975  than  in  1985  if  a  minimum  frequency 
of  service  is  required.  Further,  more  city  pairs  will  be  eliminated 
for  the  less  conqpetitive  types  than  for  the  more  competitive  types. 
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A  minimum  frequency  requirement  ot  six  round  trips  a  day  is  estimated 
to  eliminate  ten  percent  more  of  tdie  total  demand  for  the  four  fastest 
VTOL  types  in  1975  than  It  would  in  1985.  The  corresponding  percentage 
estimated  for  tiie  helicoptev  and  compound  helicopter  is  20  percent. 

llie  1975  demand  as  a  percent  of  the  1985  demand  can  thus  be 
estimated  as  follows: 

Four  most  canpetitive  (highest  speed)  VTOL's; 

.47  X  .85  X  .90  =  Ze% 

Two  least  competitive  (lowest  speed)  VTOL’s: 

.47  X  .74  X  .80  =  28%. 

None  of  the  VTOL  aircraft  types  appear  to  be  economically  self 
sustaining  by  1975;  by  1985  three  of  the  six  types  appear  capable  of 
economical  operation.  By  then  it  is  estimated  that  a  market  for 
200-300  ninety-seat  VTOL’s  will  exist.  These  aircraft  will  serve 
approximately  50  US  cities  on  70  city-pair  routes  as  well  as  some 
foreign  routes.  The  next  major  step  toward  realizing  VTOL  service 
should  be  the  construction  and  testing  of  prototype  aircraft  to 
reduce  the  substantial  tmcertainties  in  aircraft  performance,  invest¬ 
ment  costs,  operating  costs,  and  noise  acceptability. 
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FIGURE  SI.  90  Seat  Conventional  Helicopter,  FIGURE  S2.  90  Seat  Compound  Helicoptei, 

1985  Demond  1985  Demand 


NUMBER  OF  AIRCRAFT  DEMANDED  VERSUS  PRICE  AND 
SELLING  PRICE  VERSUS  NUMBER  OF  AIRCRAFT  PRODUCED 


NUMBER  OF  AIRCRAH  NUMBER  OF  AIRCRAFT 

FIGURE  S3.  90  Seat  Tilt  Rotor,  1985  Deman'i  FIGURE  S4.  90  Seat  Tilt  Wirrg,  1985  Demand 


NUMBER  OF  AIRCRAFT  DEMANDED  VERSUS  PRICE  AND 
SELLING  PRICE  VERSUS  NUMBER  OF  AIRCRAFT  PRODUCED 
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FIGURE  S5,  90  Seof  Showed  Rotor,  1985  Demand  FIGURE  S6.  90  Seat  Fan  or  Jet  Lift,  1985  Demand 


NUMBER  OF  AIRCRAFT  DEMANDED  VERSUS  PRICE  AND 
SELLING  PRICE  VERSUS  NUMBER  OF  AIRCRAR  PRODUCED 


NUMBER  OF  AIRCRAFT  DEMANDED  VERSUS  PRICE  AND 
SELLING  PRICE  VERSUS  NUMBER  OF  AIRCRAFT  PRODUCED 


< 

oc 

ij 


o 

8S 

A 

s 

D 

z 


1 

o 

E 

a> 

Q 


3 


c 

o 


o 

o 

«/> 


s? 


o 

«/> 


LU 

Q£ 


3 


o 


xxiii 


TOTAL  AIRCRAFT  PROGRAM  EXPENDITURES 
AND  REVENUES 


NUMiBt  OF  AKCUFT 


FIGURE  S11.  90  Sect  ConvenHonal  Helicopter,  1965  Demand 


FIGURE  SI 2.  90  Seat  Compound  Helicopter,  1965  Demand 
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FIGURE  S13.  90  Seat  Tilt  Rotor,  1985  Demand 


hiOMB  Of  AIRCRAFT 


FIGURE  S14.  90  Seat  Tilt  Wing, 


1 985  Demand 


TOTAL  AIRCRAR  PROGRAM  EXPENDITURES 
AND  REVENUES 


FIGURE  SI  5.  90  Seat  Stowed  Rotor,  1985  Demand 


NUMiBt  or  AIICKAFT 


FIGURE  S16.  90  Seot  Fan  or  Jet  Lift,  1985  Demand 
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FIGURE  SI 7.  30  Seat  Fan  or  Jet  Lift,  1985  Demand 
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FIGURE  S20.  150  Seot  Fan  or  Jet  Lift,  1985  Demand 
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FIGURE  S24  .  90  Seat  Tilt  Wing,  1985  Demand 
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FIGURE  S25  .  90  Seat  Stowed  Rotor,  1985  Demand 
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FIGURE  S29.  120  Seat  ran  or  Jet  Lift,  1985  Demand 
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INTRODUCTION 


This  Report  presents  an  analysis  of  the  demand  for  city-center  to 
city-center  passenger  transport  service  by  vertical  takeoff  and 
landing  ('/TOL)  aircraft.  This  service  is  believed  to  comprise  the 
most  promising  market  for  civil  VTOL  transports.  If  the  VTOL  aircraft 
are  not  competitive  in  this  mission  they  will  probably  not  be 
competitive  in  other  civil  transport  roles.  If  they  are  competitive, 
there  may  be  some  additional  market  demand  for  other  civil  roles, 
such  as  transport  to  isolated  points  or  from  airport  to  downtown. 

In  this  study  we  have  assumed  tJie  VTOL’s  have  overcome  some  very 
real  problems  involved  in  operating  large  aircraft  in  densely  popu¬ 
lated  city  centers — noise,  air  pollution,  safety,  and  the  availability 
of  city-center  vertiports.  If  the  aircraft  are  not  economically 
attractive  under  tiiese  favorable  assumptions,  further  study  is  not 
warranted.  However,  if  they  are  attractive  then  these  additional 
problems  must  be  solved  before  actual  service  can  be  realized. 

Aircraft  demand  results  in  this  study  are  estimated  for  the  year 
1985.  The  initial  operational  date  for  VTOL  aircraft  is  estimated  to 
be  around  1975.  Based  on  the  past  pattern  of  successful  civil  aircraft 
production  programs  it  is  estimated  that  the  production  program  would 
continue  through  1985  before  the  following  generation  of  aircraft 
woi’la  enter  service.  Final  demand  for  the  aircraft  will  therefore  be 
determined  by  the  1985  level  of  passenger  demand.  A  means  for  esti¬ 
mating  the  initial  demand  in  1975  from  the  estimated  demand  in  1985 
is  presented. 

Aircraft  characteristics  used  in  this  study  have  been  developed 
from  a  number  of  sources.  Ihese  independenr  designs  have  been  compared 
by  type  of  aircraft  and  generalized  industry  trends  have  been  developed 


(see  Appendix  A).  The  range  of  VTOL  cruise  speeds  considered  cover  those 
from  the  next  generation  helicopter  (190  mile  per  hour  cruise  speed) 
to  tdiose  of  jet  types  vd.th  cruise  speeds  comparable  to  conventional 
subsonic  jet  transports  (530  miles  per  hour).  Total  trip  times  as  a 
function  of  intercity  distance  for  several  of  these  types  and  for 
conventional  jet  airplanes  and  ground  vehicles  are  shown  in  Figure  1. 
Ihese  trip  times  include  an  average  time  for  travel  to  and  from  the 
common  carrier  terminals.  As  can  be  seen  in  this  generalized  analysis, 
the  helicopter  loses  its  trip  time  advantage  over  the  jet  airplane  at 
about  210  miles  and  the  compound  helicopter  loses  its  advantage  at 
about  330  miles.  Because  of  the  inefficient  cfiaracteristics  of 
these  types  at  longer  distamces,  the  helicopter  and  compound  heli¬ 
copter  types  are  assumed  to  have  a  design  range  of  250  miles.  All 
the  other  VTOL  types  are  assumed  to  have  a  design  range  of  500  miles. 
Our  study  provides  for  the  analysis  of  varying  seating  capacities  of 
the  different  VTOL  configurations. 

All  dollars  in  this  study  are  1968  dollars  unless  otherwise  noted. 
The  mid-1968  consumer  price  index  is  estimated  at  120  based  on  the 
historical  index  for  1957-59  =  100. 


TRIP  TIME  (houn) 


FIGURE  1 .  Total  Trip  Time  Versus  Intercity  Distance 
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METHOD  OF  ANALYSIS 


The  basic  method  of  analysis  is  pi'esented  in  summary  form  in  this 
section.  Other  sections  of  the  Report  present  in  detail  many  of  the 
elements  discussed  briefly  here. 

Figure  2  presents  the  flow  diagram  for  determii.^g  city-center 
to  city-center  VTOL  passenger  transport  demand.  The  various  steps 
involved  are : 

(1)  The  total  domestic  passenger  demand  based  on 
conventional  aircraft  (CTOL)  service  is  projected  to  1975 
and  1985. 

(2)  The  1965  origin-destination  (OD)  passenger  demand 
by  city  pair  is  expanded  to  1975  and  1985  levels  in  a  manner 
compatible  with  (1)  above. 

(3)  This  traffic  demand  by  city  pair  is  further  divided 
into  the  traffic  demand  from  each  segment  of  one  city  to  each 
segment  of  the  other  city. 

(4)  CTOL  and  VTOL  trip  times  and  costs  from  each  segment 
of  one  city  to  each  segment  of  the  other  city  are  determined. 

(5)  The  trip  times  and  costs  permit  tiie  calculation  of 
costs  of  saving  time  by  the  faster  mode.  This  figure  repre¬ 
sents  the  value  a  passenger  must  place  on  his  time  in  order 
to  justify  selection  of  the  faster,  more  expensive  mode. 

(6)  The  average  value  that  passengers  place  on  their  time 
is  believed  to  be  approximated  by  the  passengers’  earning  rate. 
Since  earnings  are  expected  to  increase  with  time,  an  earnings 
distribution  is  defined  for  1975  emd  1985. 

(7)  Based  on  (5)  and  (6)  above,  passengers  are  divided 
between  CTOL  and  VTOL  service.  This  provides  the  number  of 
air  passengers  by  segment  pair  who  will  switch  frexn  CTOL  to 
VTOL  service. 
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FIGURE  2.  Relationships  of  Models,  City  A  to  City  B 


(8)  Because  of  the  additional  time  saving  possible  with 
VTOL  service,  a  further  increase  in  VTOL  passenger  demand  is 
estimated  to  reflect  a  diversion  of  passengers  from  ground 
mcxies  and  some  increase  in  the  number  of  trips  per  passenger 
made  by  the  original  CTOL  passengers  who  switch  to  VTOL. 


(9)  The  VTOL  passenger  demand  by  segment  pair  is  summed  to 
obtain  the  total  VTOL  passenger  demand  by  city  pair. 

(10)  Ihe  aircraft  productivity  (number  of  seats,  block  time, 
load  factor,  utilization)  determines  the  number  of  aircraft 
required  to  carry  tiie  city-pair  passenger  demand.  These  air¬ 
craft  characteristics  also  determine  the  frequency  of  service. 

A  minimum  daily  frequency  r^iquirement  will  be  involved  in 
determining  the  optimum  aircraft  capacity. 

(11)  The  aircraft  demand  for  all  domestic  city  pairs  is 
summed  to  obtain  the  total  domestic  aircraft  demand. 

(12)  A  quantity  of  aircraft  for  the  export  market  is 
estimated  and  added  to  the  domestic  demcUid  to  obtain  the 
total  aircraft  demand. 

(13)  The  aircraft  demand  as  a  function  of  aircraft  price 
is  compared  with  the  supply  price  of  the  aircraft  to  determine 
the  economic  feasibility  of  the  program.  The  aircraft  price 

is  varied;  this  changes  the  VTOL  fare,  vhich  changes  the  demand 
for  aircraft.  In  this  way  the  number  of  aircraft  demanded  can 
be  determined  as  a  function  of  the  price  of  the  aircraft.  The 
supply  price  curve  is  determined  %d.th  nonrecurring  costs  being 
averaged  over  varied  production  numbers  of  aircraft  and 
recurring  costs  being  estimated  with  applicable  learning  curves. 

The  computer  program  presented  in  Volume  III  conforms  to  the  method 
of  analysis  outlined  above. 


AIR  TRAFFIC  FORECASTS 


3.1  TOTAL  DOMESTIC  AIR  TRAFFIC  FORECAST 

Ilie  traffic  forecast  of  the  FAA  through  the  final  forecast  year 
(1977)  was  used  as  the  domestic  traffic  forecast.^  This  forecast 
agrees  closely  with  the  CAB  forecast  as  well  as  the  forecasts  made  by 
a  number  of  airlines,  manufacturers,  and  the  Institute  for  Defense 
Analyses.  The  forecast  to  1985  was  obtained  by  projecting  tfie  FAA 
forecast  in  a  manner  similar  to  the  trend  shown  by  some  of  the  other 
forecasts  vghich  covered  the  1985  time  period.  The  forecast  together 
with  past  actual  revenue  passenger  miles  (RPM’s)  from  1946  is  shown 
in  Figure  3 . 
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FIGURE  3.  Domestic  Traffic  Forecast 


1.  Aviation  Forecasts,  Fiscal  Years  1967~1977,  January  1967 


3.2  AIR  TRAFFIC  FORECAST  BY  CITY  PAIR 

Our  method  of  analysis  involves  the  use  of  actual  passenger  traffic 

by  city  pair.  Because  the  1966  airline  strike  affected  the  traffic 

on  some  city-pair  routes  more  than  on  others,  it  was  felt  that  1965 

2 

origin  and  destination  (OD)  traffic  by  city  pair  would  be  more 
representative  of  comparative  city-pair  traffic  levels  than  the  1966 
data.  Using  1965  as  a  base  year,  the  total  domestic  traffic  forecast 
of  Figure  3  indicates  traffic  in  19/5  would  be  3.J7  times  that  of  1965, 
and  traffic  in  1985  would  be  6.48  times  that  of  1965.  Traffic  by 
each  city  pair  has  been  assumed  to  increase  by  these  same  ratios. 

Table  1  shows  traffic  estimated  by  this  method  for  the  top  ranking 
86  city  pairs  with  intercity  distances  under  500  miles.  Of  course, 
the  traffic  growth  by  individual  city  pair  can  be  expected  to  vary 
somewhat  from  the  national  average;  however,  for  our  study  we  have 
assumed  that  all  city  pairs  will  grow  at  the  national  average  growth 
rate.  Tne  higher- than- average  growth  rates  on  some  city  pairs  will 
be  offset  by  the  lower-than-average  growth  rates  on  others  as  they 
affect  the  total  demand  for  aircraft. 

To  check  the  validity  of  the  above  assumptions,  the  1:^65/1960 
ratios  of  OD  passengers  were  calculated  for  the  86  top  ranking  city 
pairs  of  Table  1;  the  average  ratio  was  1.70.  Revenue  passenger- 
miles  for  the  total  trtink  and  local  service  carriers  (both  scheduled 
and  nonscheduled )  were  30.6  and  52.8  billion  in  1960  and  1965 
respectively,  so  the  1965/1960  ratic  of  total  domestic  RPM’s  was 
52.8  f  30.6  =  1.73.  It  can  be  seen  that  this  figure  is  quite  close 
to  the  average  for  the  86  city  pairs  of  Table  1. 

The  future  CTOL  fare  structure  used  in  this  study  (Figure  5,  page  23) 
assumes  an  increase  in  present  fares  under  about  300  miles  and  a  decrease 
at  longer  distances.  According  to  our  estimates  of  the  fare  elastici¬ 
ties,  this  differential  fare  changt  should  result  in  a  relatively  lower 


2,  CAB  Domestic- Origin  Destination  Survey  of  Airline  Passenger 
Traffic,  1965. 
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rate  of  traffic  growth  at  the  shorter  distances.  To  check  this  effect, 
we  have  examined  tiie  past  rate  of  traffic  growth  as  a  function  of  dis¬ 
tance  over  a  period  of  time  when  fares  were  being  increased  proportion¬ 
ally  more  at  shorter  distances  than  at  longer  distances.  From  1359  to 
1967,  coach  fares  at  the  zero  distance  intercept  were  increased  about 
100  percent  vhile  they  were  increased  about  32  percent  at  50G  miles 
(Figure  5).  A  regression  through  the  ratios  of  1965/1960  traffic 
for  the  top  ranking  86  city  pairs  versus  distance  showed  a  ratio  of 
1.51  at  the  zero  distance  intercept  and  1.84  at  500  miles,  with  the 
simple  average  previously  noted  of  1.70.  These  results  confirm  our 
belief  that  the  traffic  growth  rate  will  continue  to  be  higher  at  the 
longer  distances  as  the  zero  distance  fare  intercept  is  raised.  How¬ 
ever,  the  additional  effort  involved  in  allowing  for  this  effect  in 
our  calculations  does  not  seem  warrcuited,  since  the  lower-than-average 
growth  rate  of  city  pairs  at  the  shortei  distances  should  be  approxi¬ 
mately  balanced  by  the  higher-than-average  growth  rate  at  the  longer 
distances,  so  that  the  method  of  ratioing  up  city-pair  traffic  in 
proportion  to  the  growth  in  total  domestic  traffic  should  yield  valid 
total  demand  results. 

The  possibility  of  predicting  air  travel  city  pair  by  means 
of  a  mathematical  model  relating  air  travel  to  intercity  distance, 
populations,  incomes,  etc.  was  explored  but  abandoned  in  favcr  of 
the  approach  outlined  above.  The  mathematical  model  produced  rather 
poor  correlation  with  actual  travel  because  there  are  evidently  many 
factors  not  readily  quantifiable  which  affect  travel  between  two 
cities.  For  example.  Table  2  shows  air  traffic  between  San  Francisco 
and  two  other  cities.  The  distance  to  each  of  the  other  cities  is 
about  the  same.  The  1960  SMSA  populations  of  Las  Vegas  and  Eugene 
were  127,016  and  162,890  respectively.  Based  on  distances  and  popu¬ 
lations  (the  two  most  generally  used  determinants  of  travel),  one 
would  expect  a  somevhat  higher  volume  of  traffic  between  San  Francisco 
and  Eugene  than  between  San  Francisco  and  Las  Vegas.  The  actual 
traffic  figures  of  Table  2  indicate  that  Las  Vegas  must  possess  other 
virtues  vhich  increase  its  attractiveness  to  San  Franciscans.  Ic 
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was  concluded  that  all  factors  affecting  travel  are  already  reflected 
in  present  air  traffic  vola-nes  and  that  they  represent  the  best  basis 
on  which  to  predict  1975  and  1985  traffic. 

Table  2 


AIR  TRAFFIC  BETWEEN  SAN  FRANCISCO  AND  TWO  OTHER  CITIES 


It  is  believed  tliat  ti\e  city  pairs  under  50C  miles  with  the 
largest  volumes  of  conventional  air  travel  represent  the  mo^^t  promising 
city  pairs  for  VTOL  air  service  for  several  reasons: 

(1)  In  general  these  cities  are  the  largest — and  tlierefore 
present  the  most  serious  problems  of  access  to  conventional 
airports.  The  airports  tend  to  be  furtlier  out  in  tiiese  cities 
and  tile  ground  travel  to  the  airports  through  heavy  traffic 

ir.  slov:er. 

(2)  These  city  pairs  will  generate  sufficient  VTOL 
traffic  volume  to  provide  a  suitable  frequency  of  VTOL  service. 

(3)  These  cities  will  generate  sufficient  VTOL  passenger 
volume  to  justify  the  required  investment  in  vertiports. 

In  this  stud*  ,  we  have  not  attempted  tc  develop  route  schedules  link¬ 
ing  different  city  pairs  together.  Our  analysis  is  based  on  simple 
shuttle  operations  by  individual  city  pair.  Obviously,  the  different 
city  pairs  would  be  organized  into  route  networks  and  individual  VTOL 
aircraft  would  be  scheduled  over  the  networks,  much  as  today’s 
conventional  aircraft  are  scheduled. 
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BREAKDOWN  OF  CITY-PAIR  AIR  TRAFFIC  BY  SEGMENT  PAIR 

Appendix  B  describes  ^jhe  method  by  vAiich  local  (intracity)  origins  and 
destinations  (CD’s)  of  passengers  were  related  to  radial  distance  from 
the  center  of  the  city.  Because  the  local  OD’s  are  a  function  of  the 
distance  from  the  city  center,  a  method  of  segmenting  the  city  by  rings 
centered  on  the  central  business  district  (CBD)  was  developed.  Figure 
4  shows  Dallas  and  Houston  as  a  sample  city  pair.  In  this  particular 
case,  both  cities  were  segmented  into  a  central  core  prus  three  rings. 
Each  of  the  outer  rings  v/as  divided  into  quadrants  by  the  north-south 
and  east-west  axes,  resulting  in  13  segments  for  each  city.  For 
Dallas  and  Houston  a  total  of  13  x  13  =  169  segment  pairs  result. 

For  each  city  the  following  data  were  developed: 

(1)  The  radius  from  the  city  center  to  each  of  the  circles. 
Depending  on  city  size,  from  two  to  six  circles  were  used. 

(2)  The  percentage  of  each  segment  inhabited.  This  is 
especially  important  for  cities  located  on  large  bodies  of 
water  vhere  tiie  pattern  of  passenger  OD’s  is  greatly  altered 
by  local  geography. 

(3)  Straight-line  distances  to  the  nearest  CTOL  airport 
and  to  the  city-center  vertiport,  including  a  notation  ctating 
vhether  the  trip  involves  travel  through  heavy  city  traffic  areas. 

These  basic  inputs,  together  with  the  distribution  of  local  OD’s 
versus  radius  (Appendix  B),  and  the  groumd  times  and  costs  versus 
distance  (Appendix  C)  permit  the  breakdown  of  total  traffic  into 
segment-pair  traffic  and  the  calculation  of  ground  travel  times  and 
costs  by  segment  pair.  Section  10  illustrates  the  sample  calculations 
for  Dallas-Houston. 

The  segments  used  in  this  study  for  any  city  can  be  reproduced 
as  follows: 
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(1)  "nie  center  of  the  rings  is  located  at  the  vertiport 
(see  maps,  Appendix  L). 

(2)  The  ring  radii  in  statute  miles  are  given  in  the  input 
data  sheets  of  Volume  III  under  "In  Rad"  and  "Out  Rad."  The 
four  segments  per  ring  are  determined  by  the  north- south  and 
east-west  axes  through  the  vertiport  location  and  are  nunisered 
starting  with  the  northeast  segment  (see  Figure  4  ).  The 
percent  inhabited  for  each  segment  is  given,  to  the  nearest 

10  percent,  under  the  "Per  Inhab"  column  of  the  input  data 
sheets . 


HOUSTON 


A  variPORT  AT  CtTY  CENT® 

•  CONVENTIONAL  AWPORT 

FIGURE  4.  pQMenger  Local  Origin  and  Dostination  Segments 

for  Dallas  and  Houston 
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AIRCRAFT  COSTS 

Our  analysis  requires  aircraft  operating  costs  as  an  element  of  the 
airline  fare  required  to  earn  a  given  return- on- investment.  These 
costs  are  necessary  inputs  to  the  denand  analysis. 

Aircraft  manufactiaring  costs  and  costs  for  research  and  development 
are  required  as  the  essential  determinants  of  the  supply  schedule. 

5.1  AIRCRAFT  OPERATING  COSTS 

ihe  aircraft  direct  operating  costs  were  estimated  by  component 
category.  The  ccOTponents  of  direct  operating  cost  reported  by  the 
CAB  consist  of  (1)  crew,  (2)  fuel,  (3)  maintenance,  (4)  insurance 
and  (5)  depreciation.  Estimating  relationships  were  developed  for 
the  first  three  categories.  The  remaining  direct  operating  cost 
COTiponents — insurance  and  depreciation — are  dependent  upon  an  air¬ 
craft’s  price,  and  since  the  assumption  of  parametric  changei>  in 
price  is  used  to  generate  a  denand  schedule,  these  costs  are  included 
in  the  study  as  part  of  the  airlines’  investment  which  must  earn  a 
given  rate  of  return. 

Indirect  operating  costs  consist  of  maintenance  and  depreciation 
costs  for  ground  equipmeiu.  as  well  as  general  service  and  administra¬ 
tion  expenses.  One  estimating  relationship  was  derived  for  this 
entire  cost  category. 

The  general  method  for  developing  cost  estimates  was  to  attempt 
to  relate  present  patterns  of  cost  tc  an  aircraft’s  performance  or 
design  characteristics.  These  patterns  were  then  related  to  the 
characteristics  for  future  VTOL  aircraft  as  provided  by  the  study. 
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5.1.1  Crew  Costs 


Crew  costs  per  hour  for  a  variety  of  aircraft  in  commercial 
operation  demonstrate  a  consistent  linear  pattern  when  plotted  against 
seat-mile  productivities  (no.  of  seatr  x  miles  per  hour).  Typical 
mission  profiles  for  VTOL  aircraft  were  investigated  and  seat-mile 
productivities  determined.  These  were  fitted  to  the  present  pattern 
of  payment  to  yaeld  estimates  of  crew  costs  per  hour. 

5.1.2  Fuel  Costs 

Fuel  costs  per  hour  were,  likewise,  determined  from  an  examination 
of  aircraft  in  commercial  operation,  and  these  costs  were  related  to 
either  maximuun  thrust  rating,  in  the  case  of  jet  aircraft,  or  to  maximum 
shaft-horsepower  rating,  in  the  case  of  rotor  or  propeller  aircraft. 

The  ratio  of  pounds  of  fuel  consumed  per  hour  per  pound  of  thrust 
(or  horsepower)  was  determined  to  depend  upon  the  distance  flown. 

This  ratio  was  plotted  for  commercial  aircraft,  including  helicopters, 
against  the  average  distances  flown,  as  reported  by  the  CAB.  The 
appropriate  thrust  rating  (or  horsepower) — the  denominator  of  the 
ratio— was  provided  for  the  aircraft  studied ,  and  this  information 
together  with  the  above  ratio  deteimined  the  pounds  of  fuel  consiimed 
per  hour — the  numerator  of  the  ratio — at  various  stage  lengths.  Potmds 
of  fuel  were  readily  translated  into  a  dollar  cost  for  fuel. 

5.1.3  Maintenance  Costs 

Maintenance  costs  per  hour  (including  maintenance  burden)  represent 
the  cost  component  which  has  been  estimated  to  differ  most  significantly 
from  present  airline  experience.  The  approach  used  was  to  attempt 
to  estimate  helicc^ter  maintenance  costs  by  using  existing  operational 
experience  to  contrast  helicopters  with  conventional  aircraft.  The 
other  VTOL  aircraft  were  assumed  to  fit  the  helicopter  pattern. 
Conventional  fixed-wing  aircraft  in  *.^.imercial  operation  denonstrate 
a  linear  relation  when  plotted  against  aircraft  empty  weight.  Heli¬ 
copters  demonstrate  a  similar  relation,  but  with  a  significantly 
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increased  slope.  Pound  for  povind,  helicopters  are  more  costly  to 
jnain'caiii.  Due  to  the  very  limited  experience  for  helicopters  in 
commercial  operation  these  data  were  augmented  by  military  heli¬ 
copter  experience. 

5.1.4  Indirect  Operating  Costs 

Indirect  operating  costs  per  passenger  were  estimated  by  noting 
the  consistent  linear  pattern  for  these  costs  when  related  to  average 
trip  distances  for  all  airlines  in  scheduled  domestic  operation. 

A  trend  line  was  fitted  to  the  data  reported  by  the  CAB  for  helicopter, 
local  service,  and  domestic  trunk  airlines,  and  minor  changes  were 
made  in  the  statistical  fit  to  adjust  for  differences  between  present 
operations  and  operations  on  future  high  density  intercity  VTOL  routes. 

5.2  AIRCRAFT  INVESTMENT  COSTS 

Aircraft  manufacturer’s  coots  were  estimated  from  regression 
analyses  of  an  aircraft’s  design  characteristics  on  both  recurring 
and  nonrecurring  costs  for  a  large  population  of  production  aircraft. 
The  fixed-wing  population  consisted  of  those  aircraft  included  in  a 
study  of  airframe  costs  by  The  Rand  Corporation,  in  which  detailed 
cost  information  was  published  for  a  variety  of  conventional  aircraft. 
The  basic  method  employed  in  this  portion  of  the  study  was  to  add 
helicopters  to  this  population  and  a  single  estimating  relation,  with 
the  appropriate  statistical  properties  was  determined  which  explained 
costs  for  this  wide  group  of  apparently  different  aircraft  types. 

Cost  and  desigi'  characteristics  for  the  helicopters  in  this  group 
were  obtained  from  a  study  of  helicopter  costs  conducted  by  the 
Department  of  Defense.  This  equation  related  these  costs  to  such 
design  characteristics  as  aircraft  weight  and  thrust  rating  and 
was  used  to  estimate  VTOL  recurring  costs. 

Unfortunately,  data  for  nonrecurring  costs  were  not  available 
for  helicopters,  and  an  equation  based  upon  a  similar  approach 
could  not  be  determined  for  this  category  of  costs.  However,  it 
was  found  that  a  similar  combination  of  the  variables  of  weight  and 
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thrust  used  in  the  previous  equation  for  recurring  costs  could  be 
employed  to  explain  the  nonrecurring  costs  for  fixeti-wing  aircraft. 

This  suggested  that  the  form  of  the  equation  had  wide  application, 
and  suggested,  further,  that  a  relation  existed  between  nonrecurring 
and  recurring  costs.  This  latter  relation  provided  an  alternative 
method  for  estimating  nonrecurring  ccsts. 

Nonrecurring  costs  for  helicopters  were  estimated  from  the  equation 
based  on  fixed-wing  data  only,  and  these  were  compared  with  the  estimates 
obtained  by  using  the  relation  found  between  nonrecurring  and  recurring 
costs  of  conventional  aircraft.  Both  equations  yielded  similar 
helicopter  nonreciirring  costs.  This  result  supported  the  view  that 
our  equation  based  upon  fixed-wing  experience,  which  demonstrated  a 
capability  for  estimating  helicopter  costs,  could  be  used  to  estimate 
nonrecurring  costs  for  other  VTOL  aircraft  as  well. 

The  recurring  and  nonrecurring  costs  for  engines  were  estimated 
from  equations  published  by  The  Rand  Corporation. 

See  Appendix  D  for  a  detailed  description  of  the  cost  estimates 
used  in  the  study. 
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CTOL  AND  VTOL  TRIP  TIMES  AND  COSTS 


6.1  TRIP  TIMES 

TTie  CTOL  and  VTOL  trip  times  between  segment  pairs  of  a  city 
pair  are  the  sum  of  the  following: 

(1)  Ground  time  from  the  segment  of  the  origin  city  to 
the  airport  or  vertiport. 

( 2 )  CTOL  or  VTOL  block  time  between  the  city  pair. 

( 3 )  Ground  time  from  th-e  airport  or  vertiport  to  the 
segment  of  the  destination  city. 

Transfer  times  between  ground  and  air  modes  are  assiomed  to  be  the 
same  for  CTOL  and  VTOL.  As  a  common  transfer  time  cancels  out  in 
determining  the  difference  in  trip  times,  the  study  results  are  not 
sensitive  to  the  length  of  the  transfer  time. 

6.1.1  Ground  Times 

The  ground  times  are  determined  from  trends  of  ground  times  vs. 
straight-line  distance  to  the  airport  or  vertiport  (Appendix  C, 

Figure  Cl).  Two  trends  are  used;  one  if  the  trip  involves  travel 
through  city  traffic,  and  ariothe:?  for  trips  vhich  do  not  involve 
travel  through  city  traffic,  from  suburbs  to  a  suburban  airport  on 
the  same  side  of  the  city. 

6.1.2  Block  Times 

Block  times  for  the  various  aircraft  types  are  presented  in 
Appendix  A,  Figui-e  ?7. 

6.2  TRIP  COSTS 

The  CTOL  and  VTOL  trip  costs  between  segment  pairs  of  a  city  pair 
are  the  sum  of  the  following: 
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(2)  Ground  cost  from  the  segment  of  tiie  origin  city 
to  the  airport  or  vertiport. 

(2)  CTOL  or  VTOL  fare  betv?een  the  city  pair. 

(  3 )  Ground  cost  from  the  airport  or  vertiport  to  the 
segment  of  t±ie  destination  city. 

6.2.1  Ground  Costs 

The  ground  coses  are  deteimined  from  a  trend  of  gromid  cost  vs. 
straight-line  distance  to  the  airport  or  vertiport  (Appendix  C, 

Figure  C3). 

6.2.2  CTOL  Fares 

CTOL  fare  as  a  function  of  distance  was  calculated  by  the  method 
described  in  Appendix  H  and  is  shown  as  tdie  ”1968  Calculated”  line 
in  Figure  5.  The  fare  was  based  on  the  costs  for  the  Boeing  727 
presented  in  Appendix  D  and  represents  a  weighted  average  of  first 
class  and  coach  fares.  A  flyaway  price  of  $4.8  million  was  u'ed. 

Ihe  seat  costs  for  tiie  DC-9  were  estimated  to  be  nearly  the  rame  as 
for  the  727;  therefore  the  ”1968  Calculated”  line  represents  '.^at  the 
fare  structure  for  present  jet  aircraft  should  be  to  earn  the  target 
rate  of  return  as  described  in  Appendix  E.  The  727  design  range  is 
about  2000  st.  mi,;  as  a  result,  its  empty  weight  is  86,000  pounds, 
vhich  is  srreater  than  the  empty  weight  of  any  95-seat  VTOL  aircraft, 
all  of  which  have  much  lower  design  ranges  (Figures  A1  to  A6).  If  a 
95-seat  CTOL  airplane  were  designed  for  the  same  range  as  the  VTOL’s, 
its  weight  would  be  about  half  that  of  the  727  and  the  fares  for 
ranges  up  to  500  miles  would  be  much  less. 

Although  the  longer  design  range  pemiits  greater  scheduling 
flexibility,  airplanes  with  a  lower  design  range  than  that  of  the 
727  will  probably  be  developed,  and  such  aircraft  would  have  signif¬ 
icantly  lower  fares  than  that  of  the  727  on  stage  lengths  up  to  500 
miles.  If  such  a  plane  were  developed,  the  competitive  standing  of 
the  VTOL  aircraft  would  be  worse  than  indicated  in  this  study. 
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FIGURE  5.  CTOL  Fares  (Includes  5%  Federal  Tax) 


Actual  1967  coach  and  first  class  fares  are  also  shown  on  Figure 
5.  These  lines  were  developed  by  fitting  lines  through  published 
fares  for  service  between  large  city  pairs  less  than  500  miles  apart, 
As  can  be  seen,  the  present  fares  are  too  low  to  p>ermit  the  desired 
return  on  investment  at  ranges  less  than  300  miles.  Experts  agree 
that  long-haul  profits  subsidize  short-haul  losses.  The  president 
of  Eastern  Airlines  recently  wrote 
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1.  ’’The  New  Economics  of  the  Airline  Industry,”  by  Arthur  D. 
Lewis,  Astronautics  and  Aeronautics,  November  1967. 
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...  we  must  revise  our  fare  structure  so  that  short-haul 
fares  more  closely  reflect  the  cost  of  short-haul  operations. 
This  will  relieve  our  long-haul  pas*!engers  from  the  burden 
of  subsidizing  short-haul  services  and  free  tiie  industry 
to  perform  its  traditional  vital  role:  Generating  and 
carrying  longer-haul  traffic  .  .  . 

Until  now,  the  primary  factor  that  has  limited  the  degree 
of  industry  interest  in  the  STOL  airplane  is  the  obvious 
financial  loss  the  airlines  would  incur  with  it  under  the 
present  short-haul  fare  structur?f.  Thus,  it  seems  to  me 
that  the  first  and  most  essential  step  in  developing  STOL 
capability  is  to  recognize  the  true  expense  of  short-haul 
operations  by  conventional  airplaiies. 

The  latter  statement  is  equally  applicable  to  the  VTOL  aircraft 

considered  here. 

Comparison  of  the  1959  and  1967  coach  fares  on  Figure  5  indicates 
that  underpricing  of  the  short-haul  routes  is  being  corrected.  Over 
these  eight  years,  the  zero-distance  fare  intercept  has  been  doubled. 

If  it  is  doubled  again,  the  fare  structure  would  then  be  such  that  a 
reasonable  return  on  investment  f-^m  short-haul  operations  would  be 
realized.  The  equation  for  the  "1968  Calculated"  CTOL  fare  (in  1968 
dollars)  including  5  percent  tax  is: 

CTOL  Fare  --  11.57  +  .048  (!)IST.  )  -.0000126  (BIST. 

In  spite  of  increasing  labor  costs,  the  airline  industry  has  been 
able  to  hold  seat-mile  costs  fairly  constant  over  the  last  two  decades 
through  the  introduction  of  larger  and  more  efficient  aircraft.  It 
is  assumed  that  this  trend  will  continue  and  that  the  "1968  Calculated" 
CTOL  fare  of  Figure  5  will  remain  valid  (in  1968  dollars)  through¬ 
out  the  time  period  of  the  study. 

6.2.3  VTOL  Fare«^ 


VTOL  fares  as  a  function  of  distance  were  calculated  by  the  method 
described  in  Appendix  H.  Regression  equations  were  tnen  fitted  thi-ough 
the  calculated  fax'e  points.  These  equations  are  presented  in  Table  3 
for  different  prices  for  each  of  the  six  VTOL  aircraft  types.  For 
the  fan  or  jet  lift  type,  fares  were  calculated  for  30,  60,  90,  120 
and  150  seat  sizes.  For  the  other  five  types,  fares  were  calculated 
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only  for  the  90  seat  size.  In  eadi  case,  tiie  fares  are  based  on  the 
weight  and  performance  characteristics  as  shown  in  Appendix  A,  Figures 
A1  tdirough  A6.  Fares  are  also  presented  graphically  for  tJie  90  seat 
size  of  each  type  of  VTOL  aircraft  (Figures  6  through  11). 

Based  on  the  fare  structure  for  each  price,  the  demand  can  be 
determined  for  each  aircraft  type  as  a  function  of  price. 

6,2,4  Future  CTOL  and  VTOL  Fares 

It  is  possible  that  future  CTOL  and  VTOL  fares  ndght  be  significant¬ 
ly  reduced  by  technological  or  operational  innovations.  For  example, 
boron  filament  structures,  improved  engine  specific  fuel  consun^tion 
or  specific  %«eight,  etc.  could  significantly  reducje  aircraft  direct 
operating  costs.  Similarly,  no- reservation  buttle  operatioris, 
computerized  ticheting,  etc.  cxjald  markecily  reduce  Indirect  operating 
costs.  However,  in  both  ceases,  these  innovations  should  be  equally 
applicable  to  both  CTOL  and  VTOL  aircjraft.  Accoidir^ly,  the  fv4j.e 
reductions  for  both  CTOL  and  VTOL  aircjraft  in  Intercity  competition 
should  be  approximately  the  same  and  the  dif ferencje  between  CTOL  and 
VTOL  fares  ^ould  remain  approximately  as  shown  in  this  study.  Since 
our  method  of  analysis  depends  primarily  on  the  difference  between  CTOL 
and  VTOL  fares,  these  innovations  should  have  little  effect  on  the 
results  of  the  study. 


COMPOUND  HELICOPTFR  FAKE  (dollari)  f  HELICOPTER  FAKE  (dol'an) 


VBtTIPOCT  -  vaTIPOKT  OtSTA^lCE  (staiut*  miln) 


FIGURE  6.  90  Seat  Helicopter  Fares  (includes  5%  Federal  Tax) 


varriporr  -  vrtipckt  distance  (ftotirf*  mil**) 


FIGURE  7.  90  Seat  Compound  Helicopter  Fares  (Includes  5%  Federal  Tax) 
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TILT  WING  FAKE  (dollori) 


FIGURE  9,  90  Sect  Tilt  Wing  Fores  (Includes  5%  Federal  Tox) 
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SPLITTING  PASSENGER  DEMAND  BETWEEN  CTOL  AND  VTOL 


The  value  that  passengers  place  on  their  tinie  most  be  estimated  in 
order  to  split  passenger  demand  between  a  faster,  more  expensive 
service  and  a  slower,  cheaper  service.  In  this  study  the  VTOL  service 
will  be  faster  but  more  expensive  than  CTOL  for  travelers  between  the 
great  majority  of  segment  pairs.  From  the  relative  trip  times  and 
costs,  one  can  determine  the  cost  of  saving  time  by  VTOL.  For  example, 
if  the  VTOL  service  saves  0.5  hour  but  costs  $3.00  more  than  CTOL, 
between  a  particular  segment  pair,  the  cost  of  saving  time  by  VTOL 
would  be  $3.00  4-  ,5  =  $6.00  per  hour.  One  must  then  determine  that 
percent  of  the  passengers  value  their  til's  at  $6.00  per  hour  or  more 
in  order  to  split  the  total  passenger  demand  between  VTOL  and  CTOL. 

A  recent  IDA  study  involving  passenger  demand  for  supersonic 
transport  service  encountered  this  value  of  time  problem.^  In  that 
study  the  passenger  choice  was  between  subsonic  and  supersonic  jet 
service.  Details  of  the  value  of  time  cmalysis  are  included  in  the 
IDA  supersonic  transport  report  and  are  summarized  below. 

Economic  theory  suggests  that  travelers  would  value  their  time  as 
a  function  of  their  earning  rate.  Accordingly,  income  distribution  of 
air  passengers  was  obtained  from  a  number  of  surveys  conducted  by 
various  airlines,  the  Survey  Research  Center  of  the  University  of 
Michigcin,  and  the  Port  of  New  York  Authority.  These  surveys  recorded 
family  income.  Based  on  the  ratio  of  earned  to  unearned  income  at 
various  income  levels,  the  distribution  was  reduced  from  the  total 
income  reported  in  the  surveys  to  earned  income.  Because  earnings 

1.  Institute  for  Defense  Analyses  Report  R-118,  Demand  Analysis 
for  Air  Travel  by  r sonic  Transport,  December  1966.  Available 

from:  Federal  Clearing  House  for  Scientific  and  Technical  Information, 
U.S.  Department  of  Commerce,  Springfield,  Virginia,  22151. 
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cer.d  to  increase  over  time,  a  rate  of  increase  in  real  per  capita 
income  of  2.5  percent  per  year  was  used  to  increase  these  earnings 
distributions  in  future  time  periods  (Figure  12).  Based  on  2000 
hours  worked  per  year,  the  annual  earnings  can  be  converted  to 
earnings  per  hour  as  shewn  on  Figure  12.  For  example,  a  person 
earning  $10,000  per  year  would  be  considered  to  have  ari  earning  rate 
of  $b  per  hour  and  if  he  valued  his  time  at  his  earnings  rate,  he  would 
value  his  travel  time  at  approximately  $5  per  hour. 


0  10  30  30  40  so 

ANNUALEAKNINGSfltmnocKhofdoIlon) 

FiGURE  12.  Earnings  Distribution  of  Air  Passengers,  U.S.  Domestic  Routes 

The  hypothesis  that  the  average  traveler  would  value  his  time  at  his 
earnings  rate  was  tested  by  the  four  methods  discussed  below: 

(1)  Elasticities  of  total  demand  to  trip  fare  and  time 
changes  were  developed.  By  comparison  of  tiiese  elasticities 
an  average  value  of  time  could  be  inferred.  For  example,  if 
a  decrease  in  trip  time  of  one  hour  increased  the  niomber  of 
trips  by  the  same  amount  as  a  $5  reduction  in  fare,  then  it 
coiiLd  be  deduced  that  in  this  particular  case  passengers  in 
"h?  aggregate  tended  to  value  their  time  at  approximately 
>:■  .*.■1  no-r.  This  method  was  used  with  both  domestic  and 
'ierth  Atlantic  traffic  data.  In  the  case  of  domestic  traffic 
the  average  value  of  time  obtained  was  very  close  to  the 
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average  earning  rate  for  the  time  period  studied.  However, 
in  the  case  of  the  North  Atlantic  the  value  of  time  indicated 
by  this  method  was  nearly  double  the  average  earning  rate. 

(2)  During  the  introductory  period  of  the  jets,  a  jet 
surcharge  was  added  to  the  regular  propeller  fares  both  on 
domestic  and  on  North  Atlantic  routes.  A  cost  of  saving 
time  was  obtained  by  dividing  this  surcharge  by  the  jet 

time  saving.  Comparison  of  the  percent  of  passengers  select¬ 
ing  jet  with  the  passenger  earnings  distribution  yielded  an 
estimate  of  how  passengers  value  their  time  relative  to 
their  earnings.  In  the  case  of  domestic  passengers  the  split 
between  jet  and  piston  service  was  close  to  the  split  predicted 
by  the  alue-of-time  equal  to  earnings-rate  hypthesis.  How¬ 
ever,  in  the  case  of  North  Atlantic  passengers,  points  were 
obtained  indicating  that  passengers  were  willing  to  pay  be¬ 
tween  1.3  and  2.1  times  their  earning  rate.  The  basic  results 
here  and  those  obtained  under  (1)  above  were  parallel,  in 
the  North  Atlantic  case  it  is  believed  that  the  jet  passengers 
were  willing  to  pay  more  in  order  to  reduce  the  fatigue  of  the 
approximately  12-hour  piston  flight.  Therefore,  the  amount 
paid  by  the  passengers  exceeded  the  amount  ^Aiich  they  would 
be  willing  to  pay  for  pure  time  saving.  Our  study  considers 
routes  up  to  only  500  miles,  so  tdiat  this  fatigue  factor 
should  be  negligible,  and  the  domestic  situation  discussed 
above  should  be  the  more  applicable  case. 

(3)  A  comparison  of  the  split  of  passenger  demand  between 
ground  common- carriers  and  air  was  made.  This  analysis  is 
superceded  by  the  analysis  presented  in  Appendix  J  of  this 
report  which  is  based  on  a  more  comprehensive  set  of  data. 

Tht  percent  of  common- carrier  passengers  going  by  air  versus 
cost  of  saving  time  by  air  was  determined  (the  cost  of  saving 
time  by  air  decreases  with  trip  distance  and  the  percent  of 
passengers  going  by  air  increases  with  trip  distance).  This 
distribution  shows  how  much  passengers  are  willing  to  pay  to 
save  time  in  intercity  travel,  "niis  distx'ibution  sis  then 
compared  with  the  distribution  of  passenger  earning  rate  to 
determine  how  passengers  value  travel  time  relative  to  their 
earning  rate.  The  analysis  of  Appendix  .7  indicates  that 
travelers  value  their  time  at  approximately  .65  times  earnings. 

(4)  Both  domestj-c  and  foreign  airlines  were  asked  for 
their  views  on  how  passenger  denand  would  split  between  faster, 
more  expensive  supersonic  service  and  slower,  less  expensive 
subsonic  service.  Twelve  curves  were  obtained  from  ten 
different  airlines  (two  airlines  submitted  bcth  domestic 

2 

and  international  curves).  Ihe  curves  of  seven  out  of  the 


2.  Op.  cit. ,  IDA  Report  R-118,  II,  pp.  54-56. 
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ten  airlines  agr^-rc;  r«ite  well  with  the  IDA  curve.  Tne  other 
three  were  substantially  higher.  The  resulting  airline 
consensus,  based  on  a  simple  average  of  all  airline  curves  was 
that  travelers  value  their  time  at  approximately  1.5  times 
earnings.  In  all  cases,  the  airlines  said  that  their  curves 
were  based  on  subjective  judgni^nt,  not  quantitative  analysis. 

The  subject  of  how  passengers  value  their  time  is  an  extremely 
complicated  one.  Certainly,  individuals  with  identical  earnings  will 
value  tiieir  time  differently;  indeed,  the  same  person  will  value  his 
time  differently  depending  upon  the  urgency  of  his  trio  and  the 
particular  schedule  involved.  Further,  there  is  a  widespread  belief, 
v)hicl\  we  have  been  unable  to  verify  analytically,  that  business 
travelers  value  their  time  at  a  higher  rate  relative  to  their  earn¬ 
ings  than  nonbusiness  travelers.  An  additional  complicating  factor 
is  that  surveys  record  family  income,  but  the  principal  earner  will 
p.obally  value  his  time  at  a  different  rate  than  his  dependents. 
Recognizing  these  complicating  factors,  it  is  apparent  that  r.c  pre¬ 
cise  answer  to  this  problem  is  possible.  The  four  methods  of  checking 
outlined  above,  however,  indicate  that  the  initial  hypothesis  (that 
travelers,  in  the  aggregate,  value  their  time  at  their  earning  rate) 
should  provide  reasonably  accurate  results. 

Figure  13  indicates  the  effect  on  demand  at  various  hourly 
earnings  if  passengers  value  their  time  at  about  2/3  earnings  rate 
(as  indicated  by  Appendix  J)  instead  of  at  1  x  earnings  rate  as  used 
in  calculating  the  results  of  this  study.  Because  of  the  shape  of 
the  earnings  distribution  curve,  the  effect  is  quite  small  up  to 
about  $3  hr.  but  becomes  quite  large  above  $5  hr.  Accordingly,  for 
the  most  competitive  VTOL  aircraft  the  loss  in  demand  would  be  s;.Taller 
than  for  the  less  competitive  types.  Roughly  speaking,  the  demand  for 
the  four  fastest  VTOL  typas  would  be  about  75  percent  the  denand 
shown  if  passengers  value  their  time  at  2/3  earnings  rate  instead  of 
at  1  X  earnings  rate.  For  the  helicopter  and  compound  helicopter, 
the  demand  would  be  about  62  percent  of  that  shown. 

The  results  of  the  study  are  based  on  the  demand  for  1985— the 
estimated  final  year  of  the  aircraft  production  program.  The  percent¬ 
age  passenger  cemanc  fcr  t~e  tester,  more  expensive  mode  will  be  lower 


in  1975  than  in  1985  because  of  the  lov,>er  earnings  distribution. 
Assuming  passengers  value  their  time  at  their  earnings  rate,  Figure 
14  shows,  at  various  hourly  earnings,  the  ratios  of  passengers 
preferring  the  faster,  more  expensive  mode  in  1975  relative  to  1985. 

Due  to  the  shapes  of  the  earnings  distribution  curves,  the  ratios 
are  high  up  to  about  $5  hr.  and  then  drop  to  about  74  percent  above 
$9  hr.  and  remain  fairly  constant  at  that  percentage  on  up  to  $25  hr. 
Accordingly,  the  1975  percentage  passenger  preference  for  the  most 
competitive  VTOL  aircraft  would  be  roughly  85  percent  of  the  1985 
level;  however,  for  the  less  competitive  types,  where  passengers 
would  have  to  pay  $8  or  more  per  hour  to  save  time,  the  1975  preference 
would  be  only  about  74  percent  of  the  corresponding  199  <  ^gures. 
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PaCtMT  OF  FASSENOaS  ^  ,  PB,C£NT  OF  FASSENOaS 

WITH  EAFNINGS  2  VALUE  ON  AISCISSA  »  j  WITH  EAUNINGS  2  VALUE  ON  AiSCISSA 


13.  Split  in  Passenger  Demand  for  Value  of  Time  =  2/3  Earnings  Rate 
Relative  to  Split  for  Value  of  Time  =  1  x  Earnings  Rate  1985 


FIGIHIE  14.  Split  in  Possenger  Demand  for  Value  of  Time  = 
1  X  Earnings  Rote  for  1975  and  1985 
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STI^RjLATION  OF  AIR  TRAVEL  BY  VTOL 

We  can  expect  VTOL  not  only  to  capture  some  of  the  CTOL  market,  but 
also  to  increase  the  total  amount  of  air  travel  because  of  the  time 
saving  of  VTOL  over  CTOL.  This  increase  is  derived  from  two  sources: 
a  shift  from  ground  modes  of  travel  to  VTOL  travel,  and  an  increase 
in  the  average  numlir  of  trips  by  former  CTOL  passengers  v^.o  sv;itch 
to  VTOL. 

In  order  to  determine  the  extent  of  this  stimulation  of  air 
travel,  v«  have  irelied  on  the  implications  suggested  by  a  numb>r  of 
empirical  relationships  observed  in  tiie  travel  market.  In  Appendix 
K  three  methods  have  been  used  to  determine  the  extent  of  this 
stim.ulation  and  to  serve  as  cross  checks  on  each  other.  One  method 
is  based  on  the  relationship  between  trip  distance  and  the  percent 
of  passengers  taking  the  air  mode;  a  second  method  is  constructed 
on  a  statistical  relationship  between  the  number  of  air  trips,  trip 
time,  and  other  independent  variables,  and  a  third  method  is  based 
on  the  implications  of  the  effect  of  the  1947  change  in  the  location 
of  the  airport  serving  Detroit  on  air  travel  between  Detroit  and 
other  cities. 

A  comparison  of  the  results  of  all  three  methods  for  a  50-minute 
time  saving  is  shown  on  Figure  K5.  We  decided  to  use  the  Detroit 
Airport  move  as  the  basis  for  determining  the  effect  of  a  50-minute 
time  saving  because  it  directly  reflects  the  effect  of  airport 
location  on  air  travel.  Utilizing  the  second  method  the  equation 
based  on  the  Detroit  Airport  move  was  generalized  to  permit  calculation 
for  any  time  saving.  The  resulting  generalized  equation  used  in  cal¬ 
culating  VTOL  passenger  augmentation  was: 
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where 

V  =  augmentation  factor 

T  =  time  saved  (in  minutes)  by  VTOL  over  CTOL 

D  =  distance  (in  miles). 

The  increase  in  the  total  ntimber  of  passengers  is  given  by 

P  =  (V-l)P 
a  s 

where 

P^  =  passenger  increase  and 

P  =  VTOL  passengers  after  split  of  initial  CTOL  passengers 
between  CTOL  and  VTOL  service. 

The  total  number  of  VTOL  passengers  after  augmentacion  is 
represented  by: 

P  =  VP 
V  s 

where 

P^  =  VTOL  passengers  after  augmentation. 

The  combined  effects  of  basic  CTOL  traffic  growth  and  VTOL 
stimulation  of  air  travel  is  shown  in  Figure  15.  The  basic  CTOL 
traffic  growth  is  shown  by  the  three  horizontal  lines  representing 
the  ratios  of  1975  and  1985  CTOL  traffic  to  the  1965  level  of 
passengers.  The  two  curved  lines  represent  these  ratios  as  a  function 
of  intercity  distance  after  the  effect  of  VTDOL  stimulation.  For 
example,  at  an  intercity  distance  of  100  miles,  the  1985  total  air 
passengers  woxild  be  16.8  times  the  1965  level,  ihese  curves  are 
based  on  a  50-minut:e  total  time  saving  per  one-way  trip  by  VTOL  over 
CTOL  and  equal  air  fares  for  both.  Accordingly,  these  curves 
incorporate  the  maximum  practical  VTOL  stimulation  effect.  For  the 
slower  types  of  VTOL  aircraft  the  average  time  saved  will  probably  be 
less  than  50  minutes;  for  all  VTOL  types  the  fares  are  likely  to  be 
somewhat  more  than  the  CTOL  fares.  If  the  time  saved  by  VTOL  is  less 
than  50  minutes  or  if  the  fares  are  higher  than  CTOL  fares,  the  degree 
of  VTOL  traffic  stimulation  would  be  reduced  from  that  shown. 
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EXPORT  MARKET 

To  establish  the  total  market  for  VTOL  passenger  transports  it  is 
necessary  to  include  an  export  quantity.  A  detailed  analysis  of 
the  foreign  market  by  city  pair  was  rejected  because  the  aircraft 
export  market  depends  in  large  measure  not  on  the  pure  economics  of 
the  situation  but  on  various  international  factors  such  as  the 
balance-of -payments,  tariffs,  subsidy  of  domestic  aircraft  industries, 
and  political  climates.  Accordingly,  it  was  decided  to  estimate  the 
export  market  in  a  more  generalized  method.  Sales  of  US  short-haul 
jet  aircraft  were  selected  as  being  tdie  most  similar  product  group 
to  the  VTOL  aircraft  under  consideration.  Table  4  indicates  Che 
cumulative  sales  of  the  Boeing  727  and  737,  and  the  Douglas  DC-9  to 
domestic  and  foreign  airlines  as  of  September  1967.  In  accordance 
with  the  past  experience  indicated  by  this  table,  the  total  market 
is  estimated  at  (1310  -r  955)  x  domestic  market.  Tiiis  is  tiie 
coefficient  used  in  our  analysis  to  account  for  foreign  sales. 


Table  4 

EXPORT  MARKET  FOR  SHORi’-HAUL  JET  AIRCRAFT 


Aircraft 

Sales  to 
Domestic 
Airlines 

Sales  to 

Foreign 

Airlines 

Total 

Sales 

Boeing  727 

535 

109 

644 

Boeing  737 

130 

59 

189 

Douglas  DC-9 

290 

187 

477 

Total 

955 

355 

1310 
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SAMPLE  CALCULATTOli 


The  trcTienOous  volume  cf  calcula^  ions  requirec  the  use  of  a  computer 
to  generate  the  results  of  the  stuuy.  Since  the  method  of  analysis 
has  been  explained  in  the  previous  sections  of  the  report,  only  a 
sample  hand  calculation  for  Dallas-Houston  in  1S85  will  be  presented 
here,  as  follows: 

(1)  The  intercity  distance  -  225  statute  miles.  (Tnis  distance 
is  assumed  to  be  the  same  for  both  airports  and  vertiports. ) 

(2)  1965  namber  of  passengers  =236,000. 

(3)  1965  number  of  passengers  6.48  x  236,000  =  1,529,090 
(assuming  CTOL  service  only). 

(^)  Each  city  is  divided  into  13  segments  as  shown  in  Figure  4. 
Dallas  segment  #2  to  Houston  segment  #1  will  be  used  to 
illustrate  the  method  of  calculation  by  segment  pair.  169  such 
calculations  (13  segments  x  13  segments)  must  be  made  for  this 
city  pair.  Depending  on  the  size  of  the  other  cities,  the  number 
of  segments  varied  from  five  to  21.  The  radial  distance  of  each 
ring  and  the  percent  of  the  local  origins  and  destinations  of 
passengers  within  each  ring  are  shovm  in  Table  5. 

Table  5 

RADIAL  DISTANCE  AND  PERCENT  LOCAL  ORIGINS  AND 
DESTINATIONS  BY  RING 


City 

Rinc 

Segment 

Numbers 

Racial  Distance 
( St. mi. ) 

%  Local  OD's 
Within  Ring 

Dallas 

1st 

1 

2.5 

36^ 

2nd 

2,3,4,5 

6.3 

59^ 

3rc 

6,7.  8,9 

11.3 

84^ 

4th 

10,11,12,13 

17.1 

100^ 

Houston 

1st 

1 

2.2 

2nd 

2, 3, 4,5 

5.3 

^^b 

3rd 

6,7, 8,9 

15.3 

4th 

10,11,12,13 

24.7 

100^ 

a.  From  Figure  B7. 

b.  From  Figure  36. 


(5)  For  each  segment,  the  percent  inhiabited  is  estimated. 
This  is  particularly  important  for  cities  adjacent  to  large 
bodies  of  water.  Dallas  segment  #2  was  estimated  to  be  90 
^rcent  inhabited  (Highland  Park  and  White  Rock  Lake  are  located 
in  this  segment).  The  other  segments  (#3,  #4,  #5)  oi  the  second 
Dallas  ring  are  all  estimated  to  be  100  percent  inhabited,  as  is 
Houston  segment  #1. 

(6)  The  number  of  passengers  (assuming  CTOL  service  only) 
traveling  between  Dallas  #2  and  Houston  #1  is  calculated  as 
follows : 


59%  -36%  =  23%  of  Dallas  CD’s  lie  within  the  second  ring. 
Since  segment  #2  is  only  90  percent  inhabited, 

qn 

X  23%  =  5.31%  of  Dallas  0D*s  lie  within  segment  #2 


46%  o~  Houston  0D*s  lie  within  segment  #1. 

Therefore, 

5.31  X  .46  =  2.44%  of  all  air  travelers  travel  between 
Dallas  #2  and  Houston  #1,  or 

.0244  X  1,529,000  =  37,300  travelers  will  travel  between 
Dallas  #2  and  Houston  #1. 

(7)  For  each  segment,  ground  times  and  costs  to  the  nearest 
airport  and  vertiport  are  determined  as  shown  in  Table  6. 

Table  6 


GROUND  TIMES  AND  COSTS 


Measure 

IBIWifll 

CTOL 

Distance  to  Airport  (st.mi. 
Through  City  Traffic? 

Time  to  Airport  (min. ) 

Cost  to  Airport  ($) 

)  5.8 

Y®®a 

2.02^ 

9.7 

Yes. 

2.64^ 

VTOL 

Distance  to  Vertiport  (st.m 
Tlirough  City  Traffic? 

Time  to  Vertiport  (min. ) 
Cost  to  Vertiport  ($) 

i.  )  4.4 

Yes 

1.80^ 

1.1 

Yes^ 

1.26^ 

a.  Top  line.  Figure  Cl. 

b.  Figure  C3. 
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(8)  Air  fares  and  block  times  are  determined  as  shown  in 
Table  7.  A  90-seat  fan  or  jet  lift,  price  =  $6  million,  is 
used  as  the  VTOL  aircraft. 

Table  7 

AIR  FARES  AND  BLOCK  TIMES 


Aircraft  Type 

Fare  ($) 

Block  Time  ( hr. ) 

CTOL 

21.73^ 

.79^^ 

90-Seat  fan  or  jet  lift 

K 

(price  =  $6  million) 

26.50 

.55^^ 

a.  From  Figure  5. 

b.  From  Figure  11. 

c.  From  Figure  A7- 

(9)  Total  trip  costs  between  Dallas  #2  and  Housron  #1  are: 
CTOL; 

2-02  +  2.64  +  21.73  =  $26.39 
VTOL; 

1.80  +  1.26  +  26.50  =  $29.56 

(10)  Total  trip  times  between  Dallas  #2  and  Houston  #1  are: 
CTOL; 

f  .79  =  2.09  hr. 

VTOL; 

-II  +  41  +  .55  =  1.37  hr. 

60  60 

(11)  The  cost  of  saving  time  by  VTOL  is; 

29.56  -  26.39  _  3.17  _ 

•T.o"-T.T7  -  —  - 

(12)  From  Figure  12,  92  percent  of  air  passengers  would  be 

willing  to  pay  $4.40  per  hour  saved.  Hence,  number  of  CTOL 
passengers  switching  to  VTOL  would  be: 


.92  X  37,300  =  34,500. 


f 


\ 


t  '■> 

r  ( 

c 


r 


(13)  The  availability  of  VTOL  service  would  stimulate  the 
number  of  VTOL  passengers.  The  percentage  increase  in  tlie  num¬ 
ber  of  passengers  due  to  the  additional  time  saving  of  VTOL  is 
determined  from  the  following  formula: 


(From  Appendix  K) 


v^ere 

a,  b,  c,  e,  h,  and  k  are  constants, 

T  =  time  saved  by  VTOL  over  CTOL  (in  minutes), 

D  =  distance,  and 

P  =  number  of  VTOL  passengers  before  stimulation. 
In  our  example,  T  =  .72  x  60  =  43.2  minutes. 

~=  115  X  .728  x  (43.2)*"^^° 

X  (2  718)^^^  ^  43.2/(-260.9  -104.4  x  43.2)  _ 


59.3. 
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Ihe  number  of  VTOL  travelers  after  stimulation  is: 


34,300  X  (1  +  .593)  =  54,600. 

(14)  Ihe  number  of  VTOL  passengers  for  the  other  168  Dallas- 
Houston  segment  pairs  are  similarly  calculated  and  added.  The 
total  number  of  VTOL  passengers/year  for  all  169  segment 

pairs  =  1,540,000. 

(15)  From  Figure  HI,  the  VTOL  aircraft  utilization  is  2420 
hrs./yr.  Hence,  each  VTOL  can  make  2'’2G/.55  =  4400  trips  per  year  on 
this  route.  At  a  load  factor  of  .58,  each  VTOL  can  carry 

.58  X  90  X  4400  =  230,000  passengers  per  year.  Hence,  nxjmber 
of  VTOL  aircraft  demanded  is: 


1,540,000  -r  230,000  =  6.6y. 

(16)  The  number  of  passengers  in  each  direction  per  year  is 
1,540,000  -f  2  =  770,000.  Assuming  uniform  scheduling  throughout 
the  365  days  of  the  year,  the  daily  round  trip  frequency  is: 


770.000 
365  X  .58  X  90 


40.5. 
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